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1. — #>^^^^^it^t*^^6^i^^>^^^'^^*i^^^^^ 

^.^^P^^H^^^^'^^^J^^^-^^^^^* ^^^^^^ 
>0~ <10%i^#^^^^>'^>^^^^ 5x 10-*-5'< 10-^ (l/s)i4:#^ 

i^r>60MPa, ,fi7j.5% ~10%jL^6^;*''J^*^^^t>0. 130. 

a,,(MPa)^f516^ii:^>*l>^*'T;F^iC: ( <^ d,„- <^ st ) > -0. 272 x TS + 
300, TS(MPa)^^>l^^il*^S 5 x 10 * ~ 5 x 10 ^ (l/s)5i## 

;&Bj:i§t4fcf.^>0. 130. 

Jii$.6^#-#^Ai^^. 3~50%#-^.-S"^lt 

6^^WJl:^<.'f*^^^-^^*^^^^*^-^^^^^^' ^^^^^ 
^>0~ < 10%ilt#^^^J&»':t>g.ltil^ 5x lO-^-Sx 10-3 (i/s)iJt# 



1 



5x 10' (l/s)5lt#^^»t«4^6^^^4i#^JLo J^IiI^^J.^l^pad- 
a iiy>60MPa. ^^J^X^^^m^ SxlO^-SxlO' (l/s)^^»t^ 

s 

^^^^ 3~ 10%6«r2lt^J^;^fi^+i^<ta^„(MPa)^>^L,^^ii^^® 5 

a,,(MPa)^/3I6^J:^3»A*»T;F^iC: (a<,y„-c^st) >-0.272xTS + 
300, TS(MPa)A^>^Jtil4j^ffl 5 x 10 * ~ 5 ^ lO ^ (l/s)ia:## 

6^^^J^ Bfa ^*{Mn eq=Mn+(Ni+Cr+Cu+Mo)/2}#*''>i^ M-678 - 428x 
[C3-33Mn eq^*^ M>&p& > " 140 ~ <70, ^*l^^^JL^^>0 - < 10 

^.W^^ V(10)4Lrti^»P V(10)/V(0) >0.3, 5~10%;gL^6^ 
>iX«t4t.^^> 0. 130. 

5. 1-4 t'^— 
>^:^.-5'^lt>40%. 

6. ^^^^^i^^ 1-5 t^—^^^^' ^#;|i£>^L^, ^;^'ft« 
>^x ^.>ft-^#-> 20000. 

7. #.^*L#'JJ^^ 1-6 f^— ^#;{iL>^E.i", *>tt:.#^ 

CO. 03 -0.3%; Si+Ali«,^t—#^^'*^ 0.5-3.0 

%; >^iitJ^, ;ft»»>^ Mn. Ni. Cr. Cu ^ Mo ^^^^'H'^ 
0.5-3.0%. Fe#i«/i^A^. 

#*»>wNb, Ti. V. P B t6^-#^^#' ^t^'A.Ni. Ti^^Vt 

^_jf.}»^X-#^^-*t^^*%^;>^i^ 0.3%, P ;Fi^i=- 0.3S:*%, B 



^MJ^ Ca 0. 0005-0. 01 ^ J:% , REM 0. 005~ 0. 05 . 

t, ^^^^^^>o- < io%ii#^^^;&f:*>^^^#- 5xl0-*-5x 

^Lsk^ 5>* 102~5'< 10^ (l/s)ii#^^Bt«^^6^^^4i#^^<^d 
fi^J^-tlPpCa- <^s^>60MPa, ^Sj^^ ^il^^ ® i& 5 x 10^ - 5 x 10^ 
(l/s)^^»t^^>Sl^^ 3- 10% 60>^^>^;^6^^*^'fi-a jy„(MPa)4>^t- 

-0. 272 X TS + 300, t TS (MPa) ffl 5 x lO'* ~ 5 x 10"^ 

(l/s)ii#^^-^#^^Bt«^^*^^*^>^^' Ji^^^>i9t.>^^>& 5-10 

0.130, Jiii:^>*-6^#4£^^. 

6^^JS'^^>Til^(wt%): C 0.03-0.3%. Si+Al iL* t'-#*'>^^'> 

0.5-3.0%, diT^ir^, *'>VMn, Ni. Cr, Cu ^ Mo 
>/L#, ^^;*p>^l:>& 0. 5 - 3. 5%, 4|-A»>^ Nb, Tl, V, P> B. 

Ca ^ REM t*^-"#^>^^» *t Nb, Ti ^ V ^^-^^/L^^^-i 
A:^^^0,S%, P^Jti=-0.3%, B;f ;fc-f-0.01%. Ca 0.0005-0.01 
%, REM 7(; 0.005- 0.05%, Fe 

Jii^^*f^*f^ia>^:5(y (Ar3-50X:) - ( Ar3+120t: ) SiJ^ftmn^M. 

11. ^fLI&^t^'J^^ 10 6^^j3tTB-*Jj^l^6f»i^3S>^^*'^^^^ 
^#4i£>^^, .i?tJii^^#Li5f>*«-iK-fi.g.i&(Ar3-50X:) - ( Ar3+120X:) 



12. '-^4^it^&mA^^^^J^^4-M^^^^y^y^» ^^^^^ 

50 % W ^ W Jl: J^^<i^ ^ fi^ X^^^iBLlR , * 

6^J.<l^ad- ^>60MPa, ^&>^t;i^Jtit^^®^ 5>^ 102- 5'< 10^ 
(l/s)lt:^8t#-^>^^:?& 3- 10%fi^»i^>BL^6^^i^'lS.<y dyn(MPa)-^^ 
j^^it^ttm 5x 10-*~5x 10'^ ji#lt^8t^^>^^i& 3~10%6^3I. 

-0. 272 >^ TS + 300. ^ t TS (MPa) A^M ^^^f^ M 5 x 10"^ - 5 x lO ^ 
%6^ipJiJ§t4fc^.^>0. 130> #— 

6^4HJS>^;^>Tj^li^(wt%): C 0.03-0.3%, Si+Al #^>^^' 
J:^ 0.5-3.0%, -kf'^^^y >>VMn> Ni, Cr, Cu ^ Mo t*^— 
My ^M/^^^ 0.5-3,5%, •iv'^^^y ^ioJ^Nb. Ti. V. P, B. 
Ca ^ REM ^ft^—^^JfL^y *t Nb» Ti ^ V ^¥j—^^/L^^^^-k 
^>f^^^O.S%y P;f iLi"0.3%, B;f :*C-f 0.01%, Cai(r 0.0005-0.01 
% , REM i«r 0. 005 - 0. 05%^^^ Fe #7«ri.J|-J^t^, JL^#;S^^## 
mX^^$^]^M^9^> ^>j5t-j5-ia^J&it#^^L, #-hi^.^^L>&ii>^6^ 



9< logA< 18 

AT<21 X logA-178 

6 X logA+312 < CT < 6 X logA + 392 



(1) 
(2) 

(3) 



;JCit^t. -^^[0.1^ (AC3-AC1) +ACi X: ] - (AC3+5OX:) d^i§L>^TiliC 
10sec~3min, m^^^-'4^^^^^ 1 ~ lOX: /sec ^^f'J^-^^ 

550~720X:. ^|-^^:=-^^i^>S. 10~200t;/sec )^^M.^:^ 
200- 450 TC, f^^J^ 200 - 500T:#:fi ISsec- 20 min, 

13. 12 fi'r^Iit>^^^^:?^it^t*^^6^2l.^^ 

^m^^^^J^^^^^ 5x10-^-5x10-^ (l/s)ii^^^Bt«4^6^i^ 
^4i#^^a3^>^tJiii^^:^;&-fe^^ii.#- 5x 10^-5 X 10' (l/s)ii 
#^^»t3IJ^6^^^4i<t3S>t.<y d ^^^^^'t^^ ^d" <y s ^ > 60MPa, 
ifhJ^M-^^^^m^ 5x102-5x10' (l/s)^^8t^^.^^^ 3- 10% 
6^al.^>^>:7^^i^^a,,„(MPa)-^>^t>ELJti^^^S 5x 10-*-5x 10"' 

^^mj^-^yyf^^^' (<'dy„-<^st) > -0. 272 x TS + 300, i^t TS(MPa) 
^^^^^^itm 5x10-4-5x10-3 (l/s)it##^^'ftt^^Bt«3^6^ 
^^^ij, ^^K Ji^^;fe.>^t5~10%>^it»t6^;*«'X^>fti;^>0.130. 

^t. it>^t 0. 1 X (AC3-ACi-)+ACiiC - (AC3+5OX:) 6t^iLTiE.iC lOsec- 
3 min, m^^^-^^^J^ l~10X:/sec ^^J. 550 ~ 720 j£ ffl 
6^^^<fe.^i^^ff-i6'S>!l Tq, ^^^^^^5i.>!l 10~200T:/sec ;^ 

f^^i^m^M. T„ i^;&>^t(T-50x:) - 50ox:&j^^tmj^^ To^aJL^iS 

15s -20 min, 



loHl/s), *fcJ^^>t^#^H-!S.*t)t*tfe6^'^tfe'Jfr^T*F^j£.^^^T#^ 

^iltfc*, ;^J^H>aA.t'^t CAMP - ISIJ Vol.9 (1996). pplll2~1115m 
^$0, 10^(l/s)^^>^itit^T#^^^^>£)=t>^a 10-Hl/s)6^>l& 

^4fc.*U3£^&$.4t. ( ^3S;lLi^5j,'li) TRIP 49^^ DP (^^t"^/^ 

^^Y, la^^'f^^^^U^^^o 7-18372 ^:?fT*^^i3-^H'* 



<lQ%^^^^Li^^y^J^^^^ S'^ lO-^-Sx 10"^ (l/s)it:e^^»t*»l 
^6^#^^^#^S>^<T3-^^Jiii.^^^J&^>^^3i^5>< lO^-Sx 10^ (1/s) 

ifii JL 5% - 10% >^lt^i"J^^fc^t.^,|BL> 0. 130. 

(2) — #>i5t ^ ^ ^^it^ t 6^ S^.3t>i^^ 6^ ■'T^S.^J 6^ S 

Mja^'ft^, Jiig.6^#— #^A^J^jfB, -^-^^ 3-50% ^^^ffiW ^18:6*1^ 

< 10%ifi:#^^^J&f>l>^^3t.^ 5x IQ-"- 5x 10"' (l/s)i4:fi-^:J^Bt«l 
:^^^^i3,4^^A.o ^^j^Xi^m3L^^^J^^^^S>^ 102~5x 10=^ (l/s) 

it:#^^8t«4^^^^^#5&>^<^d^l^^ii-'S-^^d- cr 3 > 60MPa, 
if&>i5L>^^it^?fcB^ 5x102-5x10^ (l/s)^i^Bt^^;!^^^ 3-10% 
¥j}^Xj^:^¥j^i^iMio ^^^iWa)^J^J^X^^f^m 5x lO'^'-Sx 10"^^ 

m^-kpT^^^' (<'dyn-<yst) > -0. 272 X TS + 300, TS(MPa);^^ 
J^3Lit^ftm 5x10-4-5x103 (l/s)ii#-#^^#^ti*.^Bt«i^^^^ 
ifiiJL. Jii^.^^L.^E.5- 10%>Bl^at6^;^J^'«.4t:.^,|a:>0. 130. 



(3) — #>i?b ^ ^ 5t ^ at?^ t ^ ^ 3t >^ ^ ^ "^^^^ ^ ^ ^ 

< 10%i£#-^^^J&>':*>l^^^^ 5x 10-*~ 5'< 10-^ (l/s)itL#^^8t«^ 
^6^#^4i'ft^>!t.<ys-^'^-^^^^^^'^>^^^^^'* 10=^- 5 X 10=^ (1/s) 

^J^A^L^^ilm^ 5x10^-5x10' (l/s)^^Bt^^>Bliti& 3-10% 
6^ifeSt>^>!7fi^^J^^<^dyn(MPa)-^^^^ii#-^® 5x 10-^- 5x IQ-^ ^ 
n^^^f^^J^^^ 3~ 10%6^»i^>^-*6^i^^'iS-<^st(MPa)4:.|Hl6^J.^ 
m^-k^r^^^' (^dyn-<^st) > -0. 272 X TS + 300, t TS (MPa) 

5x10-4-5x10-^ (l/s)i£#^^^'fti*^»t«'1^6^^;t 

{Mn eq=Mn+(Ni+Cr+Cu+Mo)/2}#i*/>^ M = 678 - 428 x [C]-33Mn eq -H" 
yt iM.^> ' 140- <70, ^*L.^t^^>!^iti&>0~ < 10%it^^it^^ 
6ij^f^JI^'«^6t#^^.-S"^ia:>2.5%, V(0)^^ 
;feL>i5t^^>^^ 10%r^nm^i^^^^^A^^^^^^^^^ V(10)4L 
J^silPp V(10)/V(0) > 0. 3, ^^J^ 5 ~ 10% 0. 130. 

(4) ^H»Ji^ (1) ~ (3) 6^^^— #^^^^lt^it^t*^^-i^ 
^iki^^n^^i^^^^nn^X^^^^^^ 0.6, i?& i 6^ ^ i^J ^ 

W^iaL>40%, .?&:^.#3S>g.(TS) X ^^-ft-^^-T. El :2L>fiL> 20000. 

C i(7 0. 03 - 0. 3%, Si+Al 1 6^— 0- 5 - 3. 0%. 

;&a>VMn, Ni, Cr> Cu ^ Mo 1 ^-Jtt?/ 0. 5 ~ 3. 5 



lt>^>!7 6^^S>t.^*LA#-#1irJ^a^>Nb> Ti. V, Ca ^ lEM t 

<i^-#^>^#fi^^SJl^*L, ^t, Nb> Ti^V t6^^#^/L#^^^ 
^^"k^ ici^ 0. 3%. P Jtf - 0. 3%, B :F 0. 01%, Ca ^ 0. 0005 ~ 0. 01%, 
REM i& 0. 005-0. 05%, Fe ^f^i^ ^.-l^jii:^. 

jLi^fi^^-iH-^^iJI-^fa, ^>|-;^3~50%'«^^.-S"i^it6^^W^ 

%ii:-ff^$.^J&»'X>g.^i^^5x 10-'''-5'< 10-=» (l/s)^#^^at»i^6^ 
#^^4i#S>^a,^>iiJiil^^^J#^;i^^ii-4 5^ 102~5x 10^ (l/s)ii 
#^^Bt«i^6^^^4i'ft3S>g.aj:^jiI6^J.'(lLSpa,- a^;?&>60MPa, ^ 
J^jk^ik^ti^m^ 5X 102-5X 10' (l/s)^:?^8t^^>^lti?r 3~ 10%6^ 
7^^M.:fj6fj^i^ito ^^iW^)^J^^SLit^f^m 5x 10-'*~5>' lO'^i^L^ 
^^H^^M.^^ 3- 10%6^i^^>&iy6^^J^<i.a3,(MPa)^|Bl6^ilii^ 
iLtfc'T^^i^: (cTdyn-t^st) > -0. 272 TS + 300, ^ ^ TS QSPa) 
^ik^^m 5x 10-^- 5x 10-3 (i/s)ii##-^4i'ft^^8t«i^6^^:*5:>^ 
Jiil^;feL^>^^7«^ 5- 10%fi'r>J^>«.4t.^,^>0. 130, Jii*.:^^6^# 

^ifi*^^St4f^M^, -Lig.6^^^'^^*'Tj^^ (wt%) : C 0. 03 ~ 0. 3%, Si+Al 
M^^^—^^^M^^A 0,5-3.0%, VJ^^JI-, ia>VMn> Ni> Cr. Cu 
^ Mo 1 6^— ^^^'l'^* ^^*'>V:^7& 0. 5 - 3. 5%, -kf^'^^, Nb, 
Ti, V, P. B, Ca^^REM t6^-*i'^^^. *t Nb, Ti ^ V t*^— #^ 
JL^^^^^>f^:k.^ 0.3%, P;F:fc-i^0. 3%, B 0. 01 % , Ca jHt 

0.0005-0.01%, REM i^f 0.005- 0.05% Fe ^Ml ^-^Ai^, * 

#4>t>^t-f, Ji^^J!^>^t*t-^LS>^i& (Ar3-501C) - ( Ar3+120X: ) 

m 1^ ^A^^J^^> ii-j^i^i^^;^4~^s.is.Xy:l^)^}^^itJk. 5TC /s 5i 
(7) ^H-h * (6) >;r^6^ ^] ^ t *^ 60 jjS. ;^ 6^ ^ ^ 



a3^>j^Jii^^St^J&^;^^ii.#5x 102~5x 10^ (l/s)it#^^8t«i^ 
6^^^^#^;!lOd^l^^i^'f^^l'«^d" a 3 > 60MPa, ^&>^E.>^^5|,^jg. 
5>< 102~5»< 10=* a/s) ^i^l^^^J^^^ 3~ 10% fi^at^v^iJ^-f- 
( «^ dyn- <y St ) > -0- 272 X TS + 300, iC. t TS (MPa) ^^J^^^t^ftm 

^3^, JiiL6^^i^>l^^dpTj3^i^(wt%): C 0.03-0.3%, Si+Al^^t — 
#;&«>^^^f:i«7 0. 5- 3. 0%, -kP^'^^y *»>^Mn. Ni> Cr, Cu^Mot^^ 
—^AJL^> ^.;&a>w^i«r 0.5-3.5%, ^'^^it, Nb. Ti. V, P. 

B. Caj^REM t^— *tNb. Ti ^ V t^^—^^^^^^ 
^^^^0.3%. P :?^dt-f- 0.3%. B:f 0.01%, Ca 0. 0005 - 0. 01 
% , REM 7«r 0. 005 - 0. 05%^^^ Fe J-J^ili^, Jii^^:^>^^## 
Jil^jL^>0^^J*fe^#4l^, il>j5b-^;&a^;tiie^*-, ^J:.^^^^M'^^^ 



9 < logA < 18 

AT< 21 X logA-178 

6 X logA+312 < CT < 6 X logA 392 



(1) 
(2) 
(3) 



^t> ^10. 1 aCg-ACi) +ACi TC ] ~ (AC^+50X:)¥lS.AyitX lOsec ~ 3 
min. j^J^it^ — 1 - lOX: /sec ^^^J ^ — ^'^^ff^SL.^SSO ~ 

720'c , #^^^;^^il;lio~ 200x:/sec>^^ J.^^^^^#«a;g:200~ 

450X:, i^jgr>^E^ 200 - 500X: 15sec - 20 min, 

-#41154. J- Jl-^, 3 ~ 50 % ^ W Jl ^'fl^fi^ ^ 

^ ^^^^^Ao ^^mii(jM.it^ o ^- (J 3 i«r > 60MPa, i/oJ^jk3L^^ftm 
^ 5^ 102-5=< 10^ a/s)3Li^H^^M^^ 3~ 10%ii^'^^M^¥j^i^ 

( dyn- <^ St ) > -0- 272 X TS + 300, iC. t TS (MPa) S 5 ^ 

^J^J^5~ 10% M3Lftf(i^ioJ^^it^^> 0. 130, Ji^^^6^#;{i£>^E.f-, 

>^t^J^^#«-/tA6^Ji^i^^ii.::^Ci^J»6^ii.:fc5t^t. 0. 1 x (ac^- 

ACi )+ACiTC) ~ (AC3+50t:)6^SL;g.TiliC lOsec - 3 min, f^^^f^ — }^ 
^il^g. 1~ 10X:/sec 550- 720X:ttm^¥jf^^ik.4-^^i^^^A 

Tq, ^^^4-^ii.^l0~200X:/sec4^^^>W^^*i^i?.:^j^ii.iL 
J^;!! T„ 6^ S^M. Te. J. 500 S:>g.#£ m^^^ ^^^-ff^ Sa>g. T„ J*^ J&>^E. (T«-50 
X:) - 500X:S^f£S 1^6^ T^S;S.^a 15sec- 20 min, 

m 3Aj^^A 5~ 10% 8t#i*Lfi^;^J:>St4fcf,4K:^^^^!«L*ta)6^ 



® 5ATS-^(a,y„-a3^ ) o ^ 5 ^ 10^ - 5 >^ 10=* 

a^t^^Sx 10-*~5x 10-^ (l/s)>^^i|.#-^^8tf-^;gL;^ 3~ 10%Ti^ 
S 6^M-^yh 5~ 10% ¥si^J^^^n^^^ TS(^#S>t.) X T.EL( 



^ ^ ^ T 6^ ^ ^ # i(r W Bt >f^ ffl i 6^ ^ ^ ^ J: . 

15m/s ^stJ^i6^^i^^M.^^ ( ® 2 ^^^^ ) ( ^ 

StP® 2 ^^6^^^ ) , ifh^^^&jSkm^Jk^t lOOmm 9j-6^?S.Jlfci^. @ 2 
fi^ife.^'ftA^ 2. Omm >^6^^;fe#Jj^l^if ^^-H^ 1 M^^. ii.it if #1^ 

^ |S|:#ia^>ft * 6^^# (TS) #^11^ ^^it 

>!la,. j^^^^j^^^Hiif 5>< 102~5x 10^(l/s)ii:'ff ^^Ht6^^^:^- 
^^-^^^:?^^^jLsl^@g^(a^-a J > 60MPa jff^^^i^y 5%Bt60MPa 

o 3) < 60MPa ^f^^i^ i(r 5 % ^, SOMPa < ( a ^- a ^XlOOMPa fi^-J^JJL; 
A>R.^4r^^^^^i=-Jiil^S8t(a j-a^) > 60MPa ^ ^ 5% at 
(c^d-or^) > lOOMPa §^ft-<JL. 

it^^;fe.'fti&>«a^^H'*?S>*t>H^Bt^;t^*f^^^^^'li^- -hi^.fi^^^'J 
cr 60MPai(,jti^{l.. 



ii.lt^ utiles- l0%>^^^^i^>B^:^<^dy. I^^^^^^IS"^^ 

- 0. 272 TS + 300 (d^S 5 ^/r* > ^I^^'H^^t J^^^^^'^ 



^^^M.^^^> J^^^M^L^^ 5% ~ 10% iifi if' s.j^^^.^M.'y^ 

0, 130 ( ^^AM-'y^^ 0. 16) ^t^, /^m 3 

m.it^.it^m6fj^^.:^. ^;&ai;^>tt.^|gtit^at, ^^^^aijlt'li^^^ 

^#^Afe.^, ^^^feL^'iil'fiNdip® 4b^^6^:^;t, 5.5iiim 
6^^^^ O.g^'f-if^^-^^j^^^y^'^^AI^, :)^.^ 3^|5I^7& 35mm, 

4a;9r^), >^L 170 TCii^^j^^c^ji^^tiS 20^41', >h;fc. 

^ 150Kg6frt:i^4 ( JIL© 4C) Ji^^^ 10 m^^T, ^:^S.^A^jIL^ 

0- 150mm ^^^!«l*t>lS.. 
T-^m^^>X^ JIS - 5 ( l:^-l^>!l: 50mm, ^^^iit;: 25mm ) 
^^O.OOl/s M^^^^Hi3i^^'i^^9f¥iifS.m,it^^ ijk^^ 5-10 

10 



Sum ®i«jal#Jftjt^^^ ^^^^fe 1 6^ ^ 'J^ 

ja ^-i*^*^ ^ JL^4L M:;f; :t O. 6. ^3.^^^ 

^3-10% 8t Ji^^*^>BL;^? dyn- ^ St) ^Jkn^^^^^if^^^^^^^ 

i:Mn eq ( »itMn eq=Mn+ (Ni+Cr+Cu+Mo ) 1/2^^) ^W^^^ 

Titit g 206 4^ ( 1968 if- ) ^ 60 X^-!-6^:«r^^i^^ 

Mo-K,#^6^ X#^^#a!ltb6^#:*^<i^(200)^. (211) ^^^^^6^ 
(200)^. {220) ^^{^11)^^^^%^^^^^^^^' ^^^^^^^ 





^tlj6fj Mil ( TgM=678-428'< [C]-33Mn eq) ^ " 140 70 

Bt, ^;te.>^>0~ <10%6t^^^^6^^^^^^^^^^'^^^^^^'^^^ 
^:>'^2.5%, ^-B-. 10%^^jBL^;&6^^WJI:^^^^^W^^itV(10) 
^>^,i&6^^WJl:^<<'ft^^^^W^4a:V(0):^Hs^ V(10):V(0)^:>'i«; 0.3, ^ 



11 



BjtbM>&6^TF|L-&^p(^ - 140. 

6^^jS>g.^;feL: C 0. 03 ~ 0. 3% ; Si ^ Al t*^— i^'k^ 0. 5 ~ 
3.0%; >^ir^6^-^, i«>?^R4n. Ni. Cr. Cu Mo t ^I'^v^^. 
5: 0.5-3.5%, Fe-fti^^^^^, >*^iL ^ ^ S ;^ 

V. P. B. Ca REM ( ) , Nb. Ti ^ V 1 #^>'l'#*'>^6^ 

-t'-fr^j^t-f- 0. 3%; P 6^;&p>^i^i^1^ 0. 3% ; B ;f ifc.i^ 0. 01%; Ca;^>^ 
^ 7^ 0.0005%- 0.01%; REM 0. 005 ~ 0. 05 % , 'V^^ ^^U. 
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j^^mf-m^^^^ ^yjL^^4r^^Xf§Lm:^^ 0.3%. 

Si, Al: Si^Al'&'fn4^A^^^*^fitF>t*. ^f-3t>#:^^6^ 
Si 

Mn, Ni, Cr. Cu. Mo: iii#iG^^^^^^^#-^^*. 

13 



^TflL-^Jri^ 0.5%. ^-^^y dP^Ji5i.^^^:JL-T- 3.5%, 

I1L^^;?&3.5%. 
^JiF|Li«; 0-3%. 

>gL ;;!7 6^ it :t . #I%>l^^'H^«^il:?^'^^, *L#^JiP|L«.^7(? 0. 01%. i5:?h, 

0.$^'^^^^'^.^^. ^^^*-k.F|Li«? 0.2%. .^BsrjLl^j^^ 
^'ik. ^)^'}k^^n^'}k¥im,.^^M. ^Jil^^:ftf^ 0.02%. 

PIL^^i^y 0. 01 % . 

CaiJ^^M-ty 0.0005% 6^ Ca T4t#'Jj^^fcife:^^^6^^^ ( ) 
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Ca 6*1 JiPfLM,;ti(r 0.01%. ^ :^h, ^f" REM ( ) ^^^-^ Ca ^-f* 

J: i& 0.005%- 0.05%. 

# i& 6^ *J it^ ^ Bt *^ 3^ ^ 6^ ^ ^ 

iL, #.i&Jitf»^ilP3^. ^aN>Bt|t^f iiiti^^6^5i>^^:*^A:f 500 
iK/^^. Jlif^^#.i"600i^/^4|'. 

^ftm: (Ar3-50t:)~ (Ar3+120T:) (:¥L*i=-^*L6^>ft.#jd^^ ) . 
(Ar3-50TC)8a-, ^A^^^fi^^^-fl^, #ja-(a,-a^). (a^^-aj. 
5- 10%ifS.^it'}i.^^J^i^^^^^n, ^f- ( Ar3+120TC ) Bt, 
^^M^^^^^it^itio ^ - a 3), (cy^„- a 3,)^ 5 - 10% 
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krn^y^']^^^^ (1)^(2). ^ii,i^'^^$-4tk^^r^^^' 

A=E* X exp { (75282-42745 ^ C J / [1. 978 x (FT+273) ] } 

Ce,-'?^^* = C + Mne,/6(%) 

Mn ^ ^ = Mn+ (Ni+Cr+Cu+Mo) /2 (%) 

E*= ( V/^R X hi X X in{l/(l-4)} ) 

r- (hi-hj) /h, 

V- i^^SB^it^^^^^ 

Ara - 901 - 325C% + 33Si% - 92Meeq 

^&JL, |&^jbi^ilJi6^-f-J^i^^3^>S.i& 5t:/s, ^^i>^f:i3^>jft;^<ir 
;^|gt A j^^#&a;g.(CT)^|Bj ^ ^ ^ wl^^L^F^iC. (3) 6^#-^Tiie. 
9<logA<18 (1) 
AT< 21 X logA-178 (2) 
6 X logA+312 < CT < 6 X logA + 392 (3) 

Jt. ;f; logA<9, io^-o^)^ (a^- a,,)^5%~10%6*r*' 

iJ&X, dt«»^ logA>18, :lb!itMi^^l^*6^^/'^^^. 

- o 5% ~ 10%*'X>Jgt^'lt^^J:. AT6^JiF|L^ISt logA^3t:fc.^& 
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/^A, [0. (Ac3+Aci)+ACi(TC) ]- (AC3+5OT:); 

10sec~3 min; mMiy^ 1 - lOX: /sec i^^-4^5i^^ J-l^—^^'^f' 

200~450X:, >^E. 200 - 500T:a>l^S'^a 15sec~ 

20min, :jp^#.#^;*:f-^^6^4t#^^6^ ACi^ AC3 

'^lldit'W. C. Leslie. ^ , Marazen p, 273) 

^:^¥j±^it^iSL^ilL'i- 0. 1 ^ (AC3 - Aci)+ACiTC Bt, ji'J>^t-^ii.;^ca>g.T 

>f*^, ajlb#il;X.fi^TP|LSL>^^^i«y 0. IX (AC3- Aci)+ACiX:, ,?& Ji. ife 

AC3+50X:. T^-iitfi;ti^^#^^^;feL^# 

3l*ft^^^<.^, ^jjt.^t.JiiE.i|.;*;.ja>^6^iliCat[3I^:>'i& lOsec, 

/sec. 10X:/sec, l^.^'J*^^^^^^^, 

PH^ lOTC/sec. tfta^^-^fc^l^^it^^j SSOlCiJtT. i5ll>^^^it^ 
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n.^¥j^s:-<fLf^^A^iti^^3.'Si^m^^'y^ 10X:/sec ¥i4^^it 

i^j^ib 5X: ~50X:/sec, <ft3*L6^|L^'lt^#^^^^. — 
<fc^^^#®S>g:^f-ja^^^^ia>^. SP^, ?F>&>i§E.5t: -200X3 /sec 
6^ ^ il>^T ^ *J J- II J^l a>!t# jL^*&-ii.^J ^ ^ sS^ 

JL6^*i^g.»^, -ife,:^;^^^^;feL6^|L^!-Iil^. 55rdff, ^^^^^^ 
200t:i$tT^iSi4,f- 5OOTC)aJi|f:fi6^*^3LT^^^#;L^*60^W:i:^ 
iiL#'ff:fifi>!tfi^^ffl^^i& 200- 500t:. >^>^E. 200 ~ SOO^C 

>g.T«:3L;f 15sec, ifc;Fi^A^ifcift:fi-JJl ^-fr^^, -«ttt^l&^#^ 
*L^#:SBtl5I^S>(r 15sec~ 20min. T 'K.ifiija T-fit^fe-^ 

200 - 500 x: IS. ® 1^ ^i^^^^J^^fusL^y^A.^. ^^j^JLi^^j^tl m 

^0. IX (AC3- Aci)+ACi 
X: ~ AC3+ 50X3 6^ a^llTiliC. lOsec- 3 min, ^^^X 1 ~ 10 X: /sec 

—^-^itA^-^^lf^m^ 550-720X:6tr^^^fc;^^^di§a>g.Tq, 

10~200X:/sec;^^fl)^^>^^4f«3L>g.Te i-^T^^^m 
^/^^^f-^<i^Ai^^^:KiS.JliT,^&.JkT^M. 500X3 ) , 
X: ) ~ 500 X:f£ a I'J 6^ S;t.T„^T^fi 15860-2010111, 
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-f ^*Lj^t^6*F ACi ^ AC3 S.AHi^^^'k^^^ -f T, T, 

Ti = [561-33 X {Mn%+ ( Ni + Cr + Cu + Mo ) /Z]-!^ 

ACi = 723 - 0. 7Mn%-16. 9 x Ni%+29. 1 x Si % +16. 9 x Cr % . 
AC3 = 910-203 X iC%)'^^- 15. 2 X Ni%+44. 7 x Si%+104 x V % + 31. 5 
X Mo%- 30 X Mn%- 11 X Cr%- 20 x Cu%+700 x P% + 400 x Al% + 
400 X Ti%, 

Cr^ = (AC3-AC1) xC/( To -ACi) + (Mn+Si/4+Ni/7+Cr+Cu+1.5Mo)/6 
^-f 0. 6 8t , T2 = 474 X (AC3-AC1) X C/ ( T„ -ACj) , 

^ ^ C%, < 0. 6 Bt, T2 = 474 X (AC3-AC1) X c/ (3 X (AC3-AC1) X c + 
[(Mn+Si/4+Ni/7+Cr+Cu+l. 5Mo)/2-0.85] x (T„ -AC,). 

aj*^;t(Te-50x:)7&Tm-. iS^K ^T^^f-5oox:, 

^^^^-ft^, it^^^ f^^^A^i^^^^ty^^^ ^^^^^ 
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(a,- a J. i& 60MPa. Jiitfi^ a ^ j|:>5t^^;^^:H^>0~ 10%iS:#^^^ 
'^J:60, >^>^^3l^*£ffli^ 5^ 10^- 5 10ni/s)T3t:#^^8t^ 3~ 10 

%^^;^^6tr2^^>si;^j6^^^^a,y„ (MPa) ^^.^st3i.^*t.ai<y 5x 

lO ^-b'* 10~^(l/s)Ti4#t.^Btfi^ 3~ 10% ^^^^^^'^'^J^^^^^ 
{S.a,,(MPa):^il^»J|^Tf»l^^i^: (a<^-<yst) > -0. 272 x TS + 300, 
j^t TS(MPa)^>i5L#^^'ft:^art-T->^^^^^S^ 5 10"* - 5 x 10" 
=»(l/s) 5% ~ 10% >gL^6^iaXi§14t.^^> 0.130. 

i>^*J ^ ^ A . 

>^ 1000 6^ j3t ^ ^^^^^^ ^ >R. (Ni tal) ^ 

B-^-^^^d^^^'jt^No. 59-219473 t-'^^^^^^^'J*^^^^**'*- 

3^ ^ ^ in jL^i^'ft^ W 

^ 1000 ^^^^^M^^^^-^m a ^-t^J t* No. 3-351209 ^^i^ 

It ( V^, % ) : 

V, - (2/3) {100/ (0. 7 X a (211) /y (220) +1) } + (1/3) {100/ (0. 78 x 
a(211)/y(311)+l)} 
^ta(211). y(220), a(211) ^y (311) ^**L.^S5;^. 

>^E..^ Cu-Ka X#^:^*ri^^^^^ (200) ^> ( 220) «&^(311) 

20 



^ C ( C,, % ) : 

C, = ( ^n^t^ - 3. 572 ) /O. 033 

-fe JISS( l:*e.-^JL: SOinm, ^^tlLJ^- 25nm)yXjk^3t^^ 0. 001/s 
^#4i#:^^, >^LiR'J^^>ftS.^(TS), (T.El) ^ij»X^>ftS.^, 

( >^^i& 5~ 10%^ n^) -H-^A TSx T.El. 

m,^m 30°^^f ^ 20iiiin 6^>t'^ii#r5^ 

(d)-^J^it^^ (do, 20iniD) (d/do) . 

T ^9 ilit ^ ^ ^ ojl ;*^4L . 

1 ^^'Jfi^ 15 iH-^^L^^t 2 ^^I6^#jit-^#*»^^J 1050 - 1250 

X:, #it#^^L. ^J^^i^^;feL. >a3^^, m^j^^ 

i^^^JrMn eq#ilj6^M>fi.7{r> -140~< 70, ^ife6^^ W^R-frfi^* 
3% - <50%, >^E.^^^J&6^^W*^^3:;5&>2.5%, 

(t^d-t^.,) >60; (ady„- a^^)>(-0.272xTS+300); ,g.Jt3%~10 
% fi^;&ai-S|.4fc^.|gt> 0. 130, TS x T. El > 20000, H^^^^^^t^.^^ 

^-t^j 2 
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<70; 5% -10%6^*'X^>HS^&i(?>0. 130; m^i^^^i^^^^ 

^i^-i^>2.5%; ^V(10)/V(0) >0.3; TS X T. El > 20000, 
-f^;^(aa-CT3)>60^(a,^„- a J> (-0.272x 18+ 300) ifhA^K-» 

g -f- ^ /- ^ ^ ^ ^ 9 
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m 1 mmit^m^ 





1 [ 


2 1 


3 1 


4 I 


5 1 


6 \ 


7 [ 


8 } 


c 1 


0.15 j 


0.15| 


0.15 1 


0.15 1 


0.11 1 


0.16 \ 


0.09 \ 


0.10 I 


Si I 


1 . 45 1 


1.45 1 


1.45 1 


1.45 


1.36 1 


1.60 1 


2.10 1 


2.00 1 


Mn 1 


0,99 1 


0,79 1 


0.69 1 


0.79 J 


1.54 1 


0.90 1 


1.20 j 


1.10 1 


P 


o.oizj 


0.012 { 


0.012 I 


0.012 1 


0.020 1 


0.020 1 


0.009 1 


0.015 1 


S 


0,002| 


0.005 1 


0.002] 


0.002 ] 


0.003 1 


0.003 I 
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0.002 1 


Al 1 


0.02 1 


0.02 1 


0.02 1 


0.02 1 


0.20 1 


0.01 1 


0.02 [ 


0.02 1 


N 1 


0.0Q3| 


0.002 1 


0.003 1 


0.002 1 


0.003 1 


0.003 1 


0.002 1 


0.003 1 


Al+Si| 


1.47 1 


1.47 1 


1.47 1 


1.47 I 


1.56 1 


1.61 1 


2.12 1 


2.02 1 


Ni 




0.4 1 














Cr 1 






0.6 1 












Cu 1 








0.4 1 










Mo 1 










0.4 








Nb 












0.04 






tI 














1 0.06 




V 


















B 


















Ca 




1 0.004 














REM 






1 0.010 












*1 


1 0.99 


{1.19 


1 1.29 


1 1.19 


1 1.94 


1 0.90 


1 1.20 


1 1.10 


Ceq 


1 0.32 


1 0.32 


1 0.32 


1 0.32 


1 0.40 


1 0.31 


1 0.29 


1 0.28 


Mneq 


1 0.99 


1 0.99 


t 0.99 


1 0.99 


1 1.74 


1 0.90 


1 1.20 


1 1.10 


Acl 


1 755 


1 750 


1 768 


1 757 


] 746 


1 760 


1 771 


1 769 


Ac 3 


1 868 


1 868 
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1 866 


1 879 
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1 904 


Ar3 


1 809 


{ 809 


\ 809 


1 809 


750 


1 819 


1 831 


1 833 
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1 A 


1 A 


I ^ 


1 ^ 


1 ^ 


I A 
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A: :^Rm 

*1: Mn + Ni + Cr + Cu + Mo 
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A; ^nm 

*1 s Mn+Ni+Cr+Cu+Mo 
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*U :fc750-700lCT!sAl5'C/sec3itf|[}^4P 
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m ^ 


9 


10 


11 


12 


13 


14 


15 






730 


900 


870 


875 


780 


840 


790 






26 


25 


26 


28 


30 


32 


55 










/ WW 


o u w 


800 

www 


700 
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Onn) 


2*2 


2.2 


1,2 


1.2 


1.2 


1.2 


1.2 




X 1/ Sj/ 


100 


100 


200 


230 


240 


210 


300 


(log A) 


15.77 


13* 77 


13-07 


14.12 


12.09 


13.78 


14,09 






130 


100 


85 


110 


60 


90 


110 




(2) 


0 


0 


o 


0 


0 


O 


o 




jtg CC/s) 


60 


50 


50 


55 


60 


50 
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910 




460 
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395 
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mm 


(3) 


3& 




o 


o 


0 


0 


0 
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1 1 


2 { 


3 } 


4 I 


5 1 


6 


7 j 


8 




j 






1 


















5.1 


5.7 1 


3.4 1 


Z • 9 1 


t 0 1 




2.6 1 

mm • V 1 


10.8 


( um) 1 






79 I 


76 


85 


86 


82 1 


8? 


85 1 










Z.5 


2,7 


1.6 


1.7 


1.9 


1-5 


1.5 


4.9 1 


( lim) 






0.49 


0.47 


0.47 


0.>59 

* 1 


0.49 


0.39 


0.58 


0.45 1 






1.35 


1*45 


il.36l 


jl.*2 


1.40 


1.36| 


1.41 


1.01 






V (0) 


9.2 


7.9 


10.0 


9.1 


10.8 


12.4 


10.3 






SV (10) 


6.0 


5.7 


1 


I 5.8 


1 8 • 0 


1 O - 3 




1 0 2 1 




■ 


V(10)/ 
VCO) 


0.65 
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jo. 74 
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jo. 64 








T" 


{ B-l-M 


) B+P 


1 B 


1 B 


1 B 


1 B 


1 P 1 






68 


23 


63 


38 


21 


66 
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o 


T ^ 


1 ^ 


1 ^ 


1 0 


1 ^ 


1 ^ 


1 s 




^^fiflffl: B=i?lR:'f*, 1I=^K:<^» P^MH^ 
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• • m " m ^ 

«> • • • 



9 • • • 
• • • • 
• • •• 



3 mumM.mm^ (^) 



( vm) 
;S ( U m) 



11 12 13 



7.6 



61 



14 15 



V (0) 



jLJ2. fi-iA 



JsV (10)1 



V(10)/ 
V(0) 



K^Wffi: B=lftfc^lt. M=^fc'f*. P=ac?t'f* 











9iM 
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2,9 


2.5 


I 60 [ 
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41 I 
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2.4 1 


1.1 




X « 3 1 
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1 B-<-P ' 
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1 ^ 
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^4 m^mjj^^m 



B^5&&#«lfeT.El (Z> 



TS (MPa) 



( 

0. 001/s) 



BH^thS 



5-lOZ of n 
value 

TSxT*El 

(MPa)* (2) 

(MPa) 



/BH ^3S^ 
1000/s)| 



5Z 



643 



o St (MPa) 



o d 
(MPa) 



adyn(MPa) 



598 



776 



763 



133 



34 



23347 



23220 



0.181 



26281 



19710 



5X 
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781 



771 



130 



37 



658 



612 



786 
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128 



40 



32 



5Z 



72 
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792 



814 



795 
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42 



51 



43 
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615 



788 



781 



127 



41 



52 



667 
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44 
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0 



IS" 



d/do 



1.56 



1.37 



1.47 



1-27 



1.42 



1.47 



1*53 



1.53 



*1; ( o dyn-o St) - (- 0. 272XTS + 300) 
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*l: (adyn-«rst> - (-0.272 x TS + 300) 
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A: i^Si^ 

*1 ; Mn+Ni+Cr+Cu+Mo 



31 





24 1 


25 } 


26 1 


27 


28 } 


29 1 


30 ( 


31 1 




C T 


0.12 1 


0.10 1 


0,14 [ 


0.25 


0.15 1 


0.10 { 


0.10 1 


0.10 \ 




Si 1 


1.20 1 


0.50 1 


0.01 [ 


1.50 


1.00 [ 


1.20 I 


1>20 1 


1.20 1 




Mn f 


1 . 20 1 


1.50 1 


1,50 1 


2.00 


1.70 I 


1.50 1 


1.50 1 


1.50 [ 




P 1 


0.010| 


0.013 1 


0.012 t 


0.012 


0.100 1 


0.008 { 


o.oosi 


0.008 1 




s 1 


0,003| 


0.005 1 


0.003 1 


0.005 


0.003 1 


0.003 1 


0.003| 


0.003 1 




li 1 


0.04 1 


1.20 I 


1.50 1 


0.04 


0.05 1 


0.04 1 


0.04 1 


0.04 1 


1 


N 


O 003 1 


0.002 1 


0 .002 1 


0.002 


0.003 1 


0.003 1 


0.0031 


0.003 1 




Al+Si] 




1 70 


1.51 1 


1.54 


1.05 1 


1.24 1 


1.24 1 


1.24 1 




Ni 




















Cr j 


















Cu 


















j!io 




















Nb 












0.01 




1 n 07 1 




Ti 














0.02 






|v 
















1 0.01 I 




[b 








1 0.002 












1*1 


1 3 . 20 


} 1-50 


1 1-50 


1 2.00 


1 - 70 


1 • 50 


1 1 - 3w 


i 1 ^0 1 

1 ^ * 1 




|ceq 


1 0.49 


1 0.35 


1 0.39 


1 0.58 


0.43 


1 0.35 


1 0.35 


1 0.35 1 




iMneq 


1 2.20 


1 1.50 


1 1.50 


1 2.00 


1.70 


1 1.50 


[1.50 


1.50 




|ac1 . 


1 779 


1 722 


t 707 


] 745 


734 


j 742 


1 742 


I 742 






1 838 


1 872 


I 850 


1 818 


834 


1 857 


{ 865 


1 858 


CC ) 


jArS 


1 699 


] 747 


1 718 


\ 685 


729 


1 770 


1 770 


1 770 


1 




I ^ 


1 ^ 


1 ^ 


1 ^ 


B 


1 ^ 


1 ^ 


1 ^ 



A: 

*1 : Mn+Ni+Cr+Cu+Mo 



32 



• - 





32 1 


33 1 


34 [ 


35 


36 


37 1 


38 1 


39 1 


40 




c 


0.02 \ 




0.12 1 


0.12 


0.10 


0.12 1 


0.10 1 


0.12 1 


0.12 




Si 


1 <9 n 1 
X • 1 


X • UQ 1 




^ SO 


1 . 50 


1.20 1 


1.20 I 


1.50 1 


1 .20 




Mn 


1 1 

X • 1 


1 9n 1 

X . £1/ 1 


1 SO 1 


1 50 


1.50 


1.50 I 


1,50 1 


0.1,9 1 


1.50 




P 


V • UXV i 




n oio 1 


0 010 


0 . 250 


0.010 1 


o.oioj 


0.01Q| 


0-010 


S 


n nm 1 


n on?! 


n nni 1 


0 003 


0.003 


0,003 1 


0.0031 


0>002| 


0.002 




Al 


n n A 1 

1/ • U«f 1 


n ns 1 


n n A. 1 


0 05 


0.04 


0.04 1 


0,04 1 


0.05 1 


0.04 




N 








n noi 


0 003 


0.003 1 


0.003| 


oTooJ] 


0.003 


A1+ 


1.24 


1.05 






1.54 


1.24 


1.24 


1.55 


1.24 




















0.2 1 














• 




































Mo 






















|Nb 


















0.20 


Ti 


















i 0.15 

[ Sim' Aflfa 

























[b 












0.012 








1*1 


1.50 


1 . 20 


1 • Dv 


1 1 SO 

[ X . ^ w 


1 50 


1.50 


1 4.00 


I 0.30 


I 1.50 




[Ceq 


U • ^ f 


In 
1 u . 


1 O "^T 


1 0-37 


0.35 


0,37 


I 0.56 


1 0.15 


[ 0.37 




[Mneq 


1.50 


[ 1. 20 


1 1>50 


1 1.50 


1.50 


1.50 


1 2.75 


[ 0,20 


1 1.50 




Acl 


742 


739 


713 


809 


751 


742 


717 


1 762 


742 


Ac 3 


892 


801 


806 


954 


887 


851 


814 


903 


911 




Ar3 


796 


710 


731 


840 


780 


764 


655 


893 


764 




B 


1 B 


1 B 


1 B 


B 


B 


I B 


1 ^ 


1 ^ 



A: :^Rm 

*1 : Mn+Ni+Cr+Cu+Mo 



33 



♦ • 



• • • 





o 1 


CO 


o 


CO 




• 


o 




CO 1 




00 




o 1 


00 

• 


o 

OO 


oJ 


CO 1 


o 






o i 


00 1 

• 1 


o 

00 




00 1 


#-% 1 








00 1 


o 


m 1 


o 1 


• 1 


to 


CM 1 


eo 1 


o 1 








00 1 


o 


<T 1 


o 1 


• 1 




CO 1 


CO 1 


o 1 

1 








00 1 




rn 




• 1 


o 


CM 


OO 1 


o 


OO 










CM 


<^ 1 


w 


o 


CM 


CO 










t #<n 




r-l 


I o 


1 • 




CM 


1 ^ 


I 
1 


CD 






1 on 


1 


O 


1 <^ • 


1 




CM 


1 (I) 

i 


1 


1 ^ 






I ® 


1 ^ 


1 


o 


1 « 




1 


eo 


1 ^ 


1 ^ 






1 °° 


1 O 


1 et% 

1 


o 


I • 




1 


CO 


1 o 


1 ^ 






1 ^ 




1 


o 


1 » 


1 o 






1 ^ 


1 ^ 






1 ® 


1 o 


1 ^ 


o 


ft « 


1 


r-l 


CO 


1 ^ 


1 ^ 



Ol 



ON 



CM 



ON 



CN 



in 



in 



to 



o 1 
o 1 


OO 1 

r-l 1 

m 


\o 1 
o 1 


ON 1 
eo 1 


a* 1 
1 

fO 1 


9 1 
o 1 


1 o 


«o 

CM 

tn 


to 
o 


to 
*H 

r-4 




o 1 
en 1 


1 <3 
1 ^ 
1 


; rH 

»n 


to 

• 

o 


•H 
CM 


r-l 


o 
o 


1 ^ 


CM 

1 «n 


to 

• 

o 


wi 

to 

1 


• ^ 
m 

1 fO 


1 o 
1 



00 



00 



GO 



in 



«H I CO 



* 



34 



• • • • 



• • * 

• 9 



• 
• 



00 



CO 



CO 



CM 



OD 



CO 



00 



ox 



as 



as 



a^ 



fH 

tn 


oo 


1 

• 1 
t-l 1 


o 

CO 


o 
m 


\a 


CM 
• 1 

iH 


o 

00 

r<«- 


Ok 
OJ 


CO 

so 


OJ 

■ 


OO 




/-\ 




P 

o 









ON 



Ok 



in 



m 



in 



CO 



vO 



GO 



cn 00 



00 



in 



««9 



• • • M 

« • • A 

*• * • • « 

^ • • • 




0 



• 



r 



36 




AO 


L7 1 


€M 1 

yo 1 


SO 1 
^ 1 


1 

• 1 


in 

CO 

o 


1.17 


00 1 




00 
CM 

» 

o 




MM 1 


a 1 
SI 




TP 

^ ] 




€7i 1 
• 1 

O 1 


oo 1 


1 1 

1 1 


t 
1 


1 1 
1 1 




ol 1 

a 








k 1 1 

:i 


* 


o r 




1 

• 1 

«n 1 


04 1 
€0 1 




r4 

CM 
• 

O 


r-l 1 

o 1 

• 1 


at 1 


atl I 

3 


cM 




A 1 


•*iT 


X 


fN, f 
ffO L 




fO 1 

m 1 


o\ 1 

tn 1 


• 1 

r-l I 


CO 

• 

o 


^ 1 
o 1 

1 


«-* 1 


1 

• 1 

CM f 






A 1 


3 


X 


CO 1 




• 1 

1 




CO 1 

CM 


00 
CO 

• 

o 


^ 1 
rH 1 

» 1 

1 




Osl 1 

3 


r>. 

CM 




pa 1 


a 


X 


in 
eo 


^ J 


in 


1 

•n 1 


in 

» 1 

CM 


OD 
• 

o 


CM 
• 1 

^ 1 




• 1 
CM 




1 


cfi 1 




X 


1 

1 *^ 




00 

• 1 


00 

\o 


1 

1 


1 
1 


1 
1 


o| 


-- • 

, a 








X 


1 ^ 

fO 




m 

1 • 




■ 


CM 

1 * 

O 


CM 
• 


*n 

CM 


in 

[ • 

so 


OJ 

1 4 

c 




pa I 


"sil 


1 ^* 1 


1 m 




1 • 
O 


1 O 
<A 


CM 


1 CM 
CM 

1 ^ 


«o 

CM 
rH 




fa 


:i 


CO 


SI 


X 


1 




1 

1 • 
1 ^ 


CM 


CO 

1 * 

1-1 


1 

CM 
• 

O 


in 

* 


1 


1 

1 *^ 


1 ^ 

1 o 


OQ 


ay 
CO 
1 


o 


1 ^ 
i 




1 CSl 

J • 

1 *** 


1 C7V 


as 

I V 

1 


xo 

CM 

o 


o 
• 

r-4 




■ » • 
1 • 

1 


1 o 


09 


CM 


1 ^ 


1 ^ 




1 Oi 

1 ^ 


1 
1 


1 V 

1 ^ 


CO 

• 


in 

k 

f-l 


m 


1 

1 CM 


1 ^ 

1 

1 o 


I CO 


1 ^ 
1 

1 1 


I o 




■ 


a 

si 

m 


1 
1 


1 ^ 
1 








1 O 

^ o 


o ^ 

t r4 O 




m 

1 is* 

■ 1 
f 


w 

1 




tin 
















4+1 










M 

SB 



IS 



• 37 



r 



* 



S c>i 



04 



CM I CM 
CM 



CM 
SO 



CM 



\0 



«M I «n I o 

CM 
CM 

CO I CM 
CM I CM 

m 

CM 



in 

CM 



in 



CM 



m 

CM 



1 1 

1 m 1 




•0- 1 


CM 1 

r*- 1 


m 1 

CO 1 


0 

so 
€0 


1 




1119 

1 
1 


1112 


1182 


1150 


1 




CM 


0 
m 
«n 




cO 
CM 






1 0 
1 

1 ^ 


1 CO 

1 

1 ^ 


1 ^ 
1 


1 
1 



1 

CM 1 


CS j 
«-< 1 


CO i 

fO 1 


0.232 


23727] 




S 1 


1-1 1 
CM 1 


CO 1 
rH 1 

1 


CO 1 


CM 1 

1 


CM 1 
1 

CM 1 






CM 1 
CM 1 


cn 1 

CM 


CM 

^ 1 


1 
1 

CM 1 
• 1 

0 


\D 1 
r-4 1 
SO 1 

CM 1 


0 1 


sn 


CM 


r-l 

\o 


CO 


GO 
SO 

CM 
« 

0 


r*. 
m 

CM ! 




CO 


0 


i ^ 
(A 

VO 


: r*- 

CO 


CM 

1 V 

1 0 


CO 

1 ^ 

CO 

1 CM_ 


1 ^ ' 


1 


<JS 
r-l 


<-* 
1 ^ 


so 
CM 


1 ^ 

m 
I ^ 

1 m 

1 0 


09 

\o 

CO 
1 CM 




m 


CO 
r-l 


CM 
CO 

1 


1 0^ 
1 ^ 


1 CO 

1 
1 

1 » 

10 


00 

1 

1 ^ 

1 CM 


1 


1 ""^ 


r«* 

r-l 


1 ^ 
1 

1 ^ 


1 ^ 


1 flO 

1 ^ 
1 ^ 

1 ^ 


1 0 
1 

1 *^ 
1 ^ 




1 ''^ 


r-l 


1 ^ 

1 ^ 
1 ^ 


'„ 


*n 

CM 

• 

■ 0 


t 0 

1 ^ 
1 CM 


1 ^ 





lip 



CM 



CM 

as 



CM 
rH 



CO 



VO 



CO 



in 



CM 



CO 



csl 



VO 



CM 



CO 



•O I O 



CO 

in 



\0 

CO 



00 



»n 



ON 



C7> 



in 



CM 
so 



CM 



CO 
so 



as 



CM 



to 



CO 

SO 

as 



\o 



in 



ON 



«o 



m 
n 



NO 



00 



k4n 



CM 
SO 



CM 
CM 



to 



CI 



CO 



uo 



CO 



Txr» CO 



1« 



00 



so 
CM 



CM 



sO 



CO 



1^ 



1< 



m 



38 



4 • 
• • • 

m mm 



• • • • • • 

• • • 

• • • 

• • • 

• • • 



r 




39 



ijL m ^ m 



Qj 



70mm 



1 



13^. 



12 



n 



10 1 



8 




^7d-^s<60 

^Jd-^^s<80 
80^ad-^7s<100 

(Td-^s^lOO 



. . I 



' ' ' ' ' « > I I I I 



300 400 500 600 700 

m^^w^m ( MPa ) 



d — I — I I U-l 



800 



70nnm 



320mm 




» • • • • 

• • • • • 

• • • 
• • • 



• • • v« *^ 

• 0 n - 

• • • 

• • t 



3 



9000 



m Wmi^ ( SOOMPa ^ ) 





8000 








7000 






• 


6000 




5000 



0.10 



0.15 0.20 



0.25 



4a 




300mm 



■ • 



* 



• 

• • r 



4b 



50mm 



J 



l8mm 



60mm 



X 





— 4 



r 




9 J2ogA 18 




— 5 — 



m # 



• 



r 

• 




9 



TofC) 



ToafC) 



TefC) 



500 



Toa('C) 



Tern 



Tern- 50 



Tem-100 



a 10 




=Te 



=Te-50 



Tem-T 00 Tem 

Te(*C) 



500 



— 6 — 



